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3 MATERIALS AND METHODS 
 
3.1 Overview 
This paper presents methodology that will be implemented during the lab work process. 
3.2 Material and equipment 
3.2.1 Palm oil mill fuel ash 
               Palm oil mill fuel ash or POMFA is used as raw material in this research. Palm 
oil mill fuel ash (POMFA), is a waste by-product from palm oil mills which 
continuously increasing in amount. The POMFA which is disposed off by the 
Malaysian palm oil mills into landfills could be causing environmental pollution and 
there is a need to study the possibility of recycling this waste product. In this research, 
nickel oxide is to be recycled from palm oil mill fuel ash. POMFA were collected from 
palm oil plant in Perak and Pahang, Malaysia.  
                According to (Arabia, 2013), fuel ash or fly ash is a powdery residue 
generated by plants that use oil as the source of fuel. Fuel oil fly ash contains relatively 
high heavy metal content such as V and Ni. Furthermore, the residual carbon level in 
the fly ash is relatively high. Typical fuel oils contain Fe, Ni, V, and Zn. The 
composition inside fly ash is mainly vanadium 27 %, sulphur 12%, nickel 6%, 
magnesium 3%, cadmium 1%, Fe 1% and C 37% . 
3.2.2 Other chemicals and reagents 
                Other reagents were purchased by University Malaysia Pahang laboratory 
such as sodium carbonate, nitric acid, sulphuric acid, hydrofluoric acid, hydrochloric 
acid and sodium chlorate. All of these chemicals were analytical grade reagents. 
Hydrochloric and sulphuric acid is used as an acidic leaching agent. Sodium chlorate is 
used as oxidants and sodium carbonate is used to maintain ideal ph. 
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3.2.3 Equipment 
            ICP/OES is one of the most powerful and popular analytical tools for the 
determination of trace elements in a myriad of sample types (Table 1). The technique is 
based upon the spontaneous emission of photons from atoms and ions that have been 
excited in a RF discharge. Liquid and gas samples may be injected directly into the 
instrument, while solid samples require extraction or acid digestion so that the analytes 
will be present in a solution (Hou & Jones, 2000) . FESEM is the abbreviation of Field 
Emission Scanning Electron Microscope. A FESEM is microscope that works with 
electrons (particles with a negative charge) instead of light. It is used to visualize very 
small topographic details on the surface or entire or fractioned objects..  
 
                 
              FESEM EQUIPMENT                                                   ICP-OES 
 
Figure 6: List Of Equipment Analysis 
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3.3 Method 
 
 
Figure 7: Methodology For Experiment 
 
3.3.1 POMFA characterization 
              The metal composition in POMFA sample is analyse by using ICP-OES or 
FESEM.. ICP/OES is one of the most powerful and popular analytical tools for the 
determination of trace elements in a myriad of sample types such as metal.. The 
technique is based upon the spontaneous emission of photons from atoms and ions that 
have been excited in a RF discharge (Hou & Jones, 2000). FESEM is the abbreviation 
of Field Emission Scanning Electron Microscope. A FESEM is microscope that works 
with electrons (particles with a negative charge) instead of light. It is used to visualize 
very small topographic details on the surface or entire or fractioned objects. 
3.3.2 Nickel oxide extraction 
                For nickel oxide extraction process, acid leaching method is used. This 
process is conducted at atmospheric pressure. The acid leaching was conducted with 
sulphuric acid (2 M) at boiling temperature of the solution for1 hour and at a ratio of 
7ml/g of solid, by using 50 g of sample (Oza & Patel, 2012). For research modification, 
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